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METHOD AND APPARATUS FOR TRANSFORMING OPTICAL WAVE MODES 

BACKGROUND OF THF- TTNJVinvrrTmvr 

1. FIELD OF THF. TTVVFNTTOTNr 

This invention xelatra generally to an optical transmission system, and, more 
particularly, to a method and apparatus for transfoiming optica] ^ve modes in an optical 
wave-guide transmission system. 

2. DESCRIPTION OF THF RVT. ATF.n APT 

Photonics^ the use of light to store, transmit, and/or process information, is rapidly 
penetrating the market for commodity and high technology products. For example, optics is 
the transmission medimn of choice for many metropolitan and local-area networks. Lasers ar^ 
often used to provide light to photonic devices, which may be optically coupled to Ihe laser by; 
a waveguide. The waveguide transfers the light jfirom the laser to the photonic de^ce and, in 
some cases, may act as an impedance matching device and/or a filt^. For example,- many 
efforts are directed to closely integrating laser sources, detectors, and other microelectronic 
devices with optical devices formed using wave-guide technology. 

Figures lA-C conceptually illustrate a conventional process flow for forming a 
waveguide 100, which includes a lower buffer layer 105, a waveguiding element 110, and an 
tpper buffer layer 1 15, as shown in Figure IC. In various embodiments, the lower buffer layer 
105, the waveguiding element 110, and the iq>per buffer layer 115 may be formed lismg 
materials having optical qualities appropriate to the particular application. Referring now to 
Figure lA, a layer of waveguiding material 120 having a vertical diniension is deposited 
over the lower buffer layer 1 1 0. A photoresist mask 1 25 having a horizontal dimension Dp and 
a vertical dimension Tp is then formed ovct the layer of waveguiding material 120. The 
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horizontal dimension Dp approxiniately coiresponds to the desired horizontal dimension 
(shown in Figure IB) of the waveguiding element 110 fimned by the etching process. The 
vertical dimension 2> of the photoresist mask 125 is determined, at least in part, by the desired 
anisotropy of the etching process and/or the vertical dimension Ty,. 

An etchant 130 is provided to remove exposed portions of the layer of wavegvriding 
material 120. For example, reactive ion etching techniques may be used to remove exposed 
portions of the layer of waveguiding material 120. Once the etching is conq>lete, the 
photoresist mask 125 is removed, leavmg the waveguiding element 1 10, as shown m Figure 
IB. The upper buffer layer. 1 15 may then be formed over the waveguiding elranetkt 110 and 
portions of the lower buffer layw 105. For example, the upper buffer layer 115 may be 
conformally deposited over the waveguidmg elranent 1 10 and the lower buffer layer 1 05. 

The waveguide 100 described above may suffer from a number of drawbacks, 
particularly when used to transfer light modes from, a laser to a photonic device. The 
horizontal dimension Ap of the etched waveguiding element 1 10 is determined, at least in part, 
by the horizontal dimension Dp, which may in turn be determined, at least m part, by the 
vertical dimension Tp, -vMch, as described above, depends upon Thus, constraints imposed 
by the desired anisotropy of the etching process and/or the vertical dimension Ty, of the layer 
of waveguiding material 120 may Innit the horizontal dimension Z>„ of the etched 
waveguiding element 110. For example, conventional etched waveguiding slemsnts 110 liave 
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during the etching process may be approximately proportional to the vertical dimension T^. 
Thus, increasing the vertical dimension nmy inarease erosion of the photoresist mask 125. 
Erosion of the photoresist mask 125 may lead to a corresponding reduction in the accuracy 
witii which the etching process may transfer the pattern of the photoresist mask 125 to the 
layer of waveguiding material 120. 

Furthermore, modal confinement &ctors pf the laser, Ifae wave-guide, and the 
transmission: systems fiber may be difiTerent. For example, the laser modes may be 
characterized by strong linear polarization, normally in a plane horizontal to the device, and 
the laser modes at an output facet of the laser may be hi^y elliptical and have an anisotropic 
divergence. The highly elliptical modes at the output facet of the laser are dif&oult' to 
transform into the typical polarization modes of a standard single mode fiber. Consequently^ it 
may be difGlcult to couple, with low loss, the laser to the standard single mode fiber. In 
conventional packaged assemblies^' anamorphic lenses are used to optimize launch ejBSciencies. 
Alteniatiyely,-mddal transformation of the laser spot is .attenq}ted using opticial de^vices that are 
monolilhically integrated into the laser structure. However, the complexity^ and consequent 
cost incurred by including anamorphic lenses, monolitliically-integrated optical devices, and 
the like is higjily undesirable from a manufacturing perspective. 

SUMMARY OF THE INVENTION 
In one aspect of the instant invention, an apparatus is provided for dynamically 
transforaiing optical wave modes. The apparatus includes a substrate and a first layer of 
waveguiding material above the substrate, the first layer having a first index of refraction, a 
first horizontal dimension, and a first vertical dimension. The apparatus also includes a second 
layer of waveguiding material adjacent the first layer, the second layer having a second index 
of refiraction, a second horizontal dimension, and a secoad vertical dimension. 
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In another aspect of the present invention, a method is provided for forming a device 
for dynamicaUy transforming optical wave modes. The method includes fonning a first layer 
of waveguiding ihaterial above a substrate such that the first layer has a first index of 
refiwtion, a first horizontal dimension, and a first vertical dimension and forming a second 
layer of waveguiding material above the first layer such that the second layer has a second 
index of refiaction, a second horizontal dunension, and a second vertical dimension. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The invention may be understood by reference to the foUowing description taken in 
conjunction with the accompanying drawings, in -waiich like reference numerals identiify like 
elements, and in which: 

Figures 1 A, IB, and 1 C conceptuaUy illustrate a conventional process flow for forming 
-a waveguide; 

Figure 2 A conceptually illustrates one embodiment of a strip-loaded waveguide device; 

Figure 23 conceptually iUustrates a cross-sectional view of one embodiment of the 
strip-loaded waveguide shown in Figure 2A, inchiding an electro-optically active element 
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Figure 5 conceptually illustrates a system for transforming optical wave modes that 
uses flie strip-loaded waveguide shown in Figure 2A. 

While the invention is siisceptible to various modifications and alternative forms, 
specific embodiments thereof have been shown by way of example in the drawings and are 
herein described in detail. It should be imd^^od, however, lhat Ihe description herein of 
specific embodiments is not intended to limit the invention to the particular forms disclosed, 
but on the contrary, the intention is to cover all modifications, equivalents, and alternatives 
failing within the spirit and scope of the invention as 'defined by the appended claims. ^ 

nF.TATI.l< !D DESCRIPTION OF SPECIFIC EMBODTMF.nts 
Illustrative embodiments of the invention are desoibed below. In the int^est of; 
clarity, not all features of an actual implementation are described in this specification. It will'^" 
of course be appreciated Hiat in the development of any such actual embodiment, numerois 
implementation-specific decisions must be made to achieve the developers' specific goals, * 
such as compliance with system-related and business-related constraints, which will vary fix>m 
one implementation to another. Moreover, it will be appreciated that such a development 
effort might be complex and time-consmning, but would nevertheless be a routine undertaking 
for those of ordinary skill in the art having the benefit of this disclosure. 

The present invention will now be described with reference to the attached figures. 
Although the various regions and structures depicted in the drawings have very precise, sharp 
configurations and profiles, those skilled in the art recognize that, in reality, these regions and 
structures are not as precise as indicated in the drawings. Additionally, the relative sizes of the 
various features depicted in the drawings may be exaggerated or reduced as compared to the 

Page 5 of 26 



DOCKET NO.:3003.001504 /CLIENT REF. NOJPM 200300 1 

r 

size of those features on ^ricajsd devices. Thus, while ths drawings may not be drawn to 
scale, they are included to describe and explain illustrati-ve ejcamples of the present invention. 

The words and phrases used herein should be understood and interpreted to have a 
. meaning consistent with the understanding of those words and phrases by those skilled in the 
relevant art No special definition of a term or phrase, a definition that is different fiom 
the (odmary and custonaary meaning as understood by those skilled in the art is intended to be 
unplied by consistent usage of the term or phrase herein. To the extent that a tenn or phrase is 
mtended to have a special nieaning, Le., a meaning other than that understood by skilled 
artisans, such a special definition will be expressly set forth in the specification in a 
definitional mannar that directly and unequivocally provides the special definition for the term 
orphrase. 

Figure 2A conceptually illustrates one embodiment of a waveguiding device 200, .- 
which will be refated to heremafter as a strip^loaded waveguide 200. The strip-loaded 
waveguide 200 includes a substrate 205. In various altoxiative enibodiments, the substrate 205 
may include materials such as silicon, silica, one er more polymers, and the like. A 
waveguiding layer 210 is disposed above the substrate 205 and a strip waveguide 215 is 
disposed above the waveguiding layer 210. Although the embodiment of the strip-loaded 
waveguide 200 shown in Figure 2A is preferred, persons of ordinary sidll in the art will 
^predate, that the relative position of elements of the strip-loaded v/a^'eguide 200 rnny be 



DOCKET NO.:3OO3.OO15O4/CXI0^REF. NO JPM 200300 1 



waveguiding layer 210/ For example, the strip waveguide 215 may have a vertical dimension 
of q}proximafely 350 angstroms and flie waveguiding layer 210 have a vertical dimension of 
about 4-6 mioons. Moreover, in alternative embodiments, tiie strip waveguide 215 may have 
vertical and/or horizontal dimensions that are less than corresponding vertical and/or 
hoiizontal dimensions of the waveguiding layer 210. For example, flie strip waveguide 215 
may have a horizontal dimension of approximately 4-6 microns and the waveguiding layer 210 
may have a horizontal dimension equal to or larger that the horizontal dimension of the strip 
waveguide 215. . ;v 

The strip waveguide 215 has index of refiraction that is larger than a corresponding 
index of refiraction of the waveguiding layer 210." In one embodiment, the indices* of refiraction 
of the strip waveguide 215 and the waveguiding layer 210 are selected so that a selected 
electromagnetic mode may propagate substantially in a portion 220 of the waveguiding layer 
. 210 beneath the strip waveguide 215. In various alternative embodiments, the selected mod^ 
may be any desirable electromagnetic mode, , such as a transverse electric mode, le. an 
electromagnetic mode whose electric field vector is substantially parallel to the substrate 205. 
The index of refiraction of the strip waveguide 215 at a wavelength of aipproximafely 155Qnm 
may be selected to be approximately 2, and the index of refraction of the waveguiding lay^ 
210 at a wavelength of approximately 1550nm may be selected to be approximately 1.5, so 
that the selected electromagnetic mode may propagate substantially in the waveguiding layer 
210. 

The boundaries of the portion 220 of the waveguiding layer 210 in which the selected 
electromagnetic mode propagates are approximately defined by the horizontal and vertical 
dimensions of the strip waveguide 215, the vertical dimension of the waveguiding layer 210, 
and the refiractive indices of the layers 210, 215. However, persons of ordinary skill in the art 
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wiU appreciate that the boundaries of the portion 220 may not be as precise as indicated in 
Figure 2A. Moreover, the boundaries of the portion 220 not exactly conespond to the 
region directly beneath the strip waveguide 215 and defined by the horizontal dimension of the 
strq> waveguide 215 and the vertical dimension of the waveguiding layer 210, Hius, some of 
5 the selected electromagnetic mode may propagate outside of the boundary defined by the 

horizontal dimension of the strip waveguide 215 and the vertical dunension of the 

waveguiding layer 210. 

Ahhoufi^i not necessary for the practice of the present invention, in one embodiment, 
10 the strip-loaded waveguide 200 may include an activie element 225 disposed above the strip 

waveguide 215. In various embodiments, the active element 225 may be eledro-opticaUy 
and/or magneto-optically active. The active element 225 may include materials such as a 
liquid crystal, a polymer dispersed Uquid crystal, electrti-optic polymeis and the like. An 
index of refiaction of the active element 225 may vary in response to an appUed electric field: 
5 For example, the mdex of refiraction of the liquid crystal may vary fiom approximately 1 .6 to 

^proximately 1 :8 when an electric field of about 1 V to lOV per micron Is applied. Moreover, 
the active element 225 may be birefiingent In one embodiment, the multiple indices of 
refi-action of the birefiingent active element 225 may vary in response to an applied electric 
field. 



In one embodiment, a plurahtj^ of elecirodes 230 is disposed projdmaie. the acth' 
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electrodes 230 may be used to provide different electric field distributions advantageous to 
accessing different modes of operation of the electro-active or magneto-optic medium. 

The one or more indices of refiraction of the active element 225 may be selected so that 
a portion of the selected electromagnetic mode propagates in the active element 225. In one 
embodiment the index of refraction of the active element 225 may be selected to be 
intermediate the indices of refraction of tiie strip waveguide 215 and the waveguiding layer 
210. For example, the index of refraction of the strip waveguide 215 may be selected to be 
sqjproximately 2, the index of refraction of the waveguiding layer 210 may be selected to be 
approximately . 1.5, and the index of refiraction of the active element 225 may be selected to be 
^proxiipately 1.6* Altematively, the index of refiiaction of the active element 225 may be 
selected to be larger than the indices of refraction of the strip waveguide 215 and the 
waveguiding layer 210. 

. Figure 2B conceptually illustrates a cross-sectional view* of one embodiment of the 
t $trip-loaded waveguide 200 including the active element 225. For illustrative puipbses, the 
cross-sectional view of the strip-loaded waveguide 200 shown in Figure 2B may be divided 
into five regions 231, 232, 233, 234, 235, which are deUneated by dashod vertical lines. 
However, persons of ordinary skiU in the art will appreciate that the regions 231, 232, 233, 
234, 235 are merely illustrative and are not intended to limit the present invention. In 
particular, the regions 231, 232, 233, 234, 235 may not correspond to any specific structural 
elements of the present invention. Moreover, in the interest of clarity, the selected 
electromagnetic mode is depicted as propagating along the path radicated by arrows 241, 242, 
243, 244, 245 in Figure 2B. However, persons of ordinary skill in the art will appreciate that 
portions of the selected electromagnetic mode indicated by arrows 241 ,'242; 243, 244, 245 
may propagate in other parts of the strip-loaded waveguide 200. For example, an evanescent 
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portion of the selected electromagnetic mode indicated by the arrow 243 may propagate in die 
sbap waveguide 215 and/or the waveguiding layer 210. 

In the region 231, the selected etectromagnetic mode, indicated by arrow 241, 
propagates in the portion 220 of the waveguiding layer 210. In the region 232, the selected 
electromagnetic mode may be transferred from the waveguiding layer 210, tiuough the strip 
waveguide 215, and into the active elonent 225, as indicated by tiie ' arrow 242. In the 
iUustrated embodiment, the end of the active element 225 located approximately in the region 
232 is t^jered, which may smooth die transfer of the selected electromagnetic mode from the 
waveguiding layer 210 to the active element 225. : . ■ .: . . . 

In the region 233, the selected electromagnetic mode propagates in the active elemoit 
225, as indicated by arrow 243. As will be discussed in detail later, properties of the selected 
electromagnetic mode, such as polarization, phase, profile, and die like, may be changed as the 
selected electromagnetic. mode propagates in the active element 225. .. • r ■ , 

In the region 234, flie selected electromagnetic mode inay be transferred from the 
active element 225, through the strip waveguide 215, and into the waveguidii:^ layer 210, as ' 
indicated by the arrow 244. Li the illustrated embodiment, the end of the active element 225 
located approximately in Ae region 234 is tapered, which may smooth the transfer of the 
sheeted electrom^netic mode from the active element 225 to the waveguidiiig layer 210. In 
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Figures 3A, 3B, and 3C conceptually illustrate one embodiment of a process flow that 
may be used to form the strip-loaded waveguide 200. As shown in Figure 3 A, the waveguiding 
layer 210 may be formed above the substrate 205 using any of a variety of well-known 
techniques, hi the illustrated embodiment the waveguiding layer 210 has a horizontal 
dimension Dw and a vertical dimension T^. For exan:q>le, the vertical dimension Tw of the 
waveguiding layer 210 may be approximately 4-6^ microns. In various alternative 
embodimCTts, the waveguiding layer 210 may comprise doped or un-doped silicon dioxide, 
. silicon, one or more polymers, and. other like materials, s 

A strip, vmveguide layer 300 is formed above the' waveguiding layer 210 by any of a 
variety of known techniques. Jn various alternative embbdunents, the strip waveguide layet- 
300 may comprise sihcon, silicon nitride, diiamond or diamond-like, carbon, one or more ^ 
polymers, and/or other like materials. The strip waveguide layer. 300 has a vertical dimensioii^ 
Tsi that is smaller than the vertical dimension Tw of the waveguiding layer 210; For example/- 
the... strip waveguide layer 300 may have a vertical dimension Tsi of approximately 3 50"^' 
angstroms and the waveguiding layer 210 may*have a vertical dimension of approximately 4-6 
micarons. - .» » * .:. ^ »? ■ 

A patterned photoresist ntiask 305 is formed above the strip waveguide layer 300 using 
any of a variety of known techniques. The patterned photoresist mask 305 has a vertical 
dimension Tp and a horizontal dimension Dp. Although the present invention is not so limited, 
the vertical dimension Tp in the illustrated embodiment is proportional to tiie vertical 
dimension Tsi of the strip waveguide layer 300. For example, a proportionally thin pattemed 
photoresist mask 305 may be employed in embodiments that use a very thin strip- waveguide 
layer 300. Since the vertical dimension Tp and the Vertical dimension Tsi are smaller than the 
vertical dimension Tw of the waveguiding layer 210, the diiration of the etching process used 
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to etch the strip waveguide layer 300 may be reduced relative to the duration of the etching 
process that may be used to etch the waveguidmg layer 210. Consequently, erosion of the 
patterned photoresist mask 305 during the etching process may be reduced. 

In the illustrated embodiment, the horizontal dunension Dp is less than the horizontal 
dimaision Dw of the waveguidmg layer 210 and larger than the vertical dunension Tp of the 
patterned photoresist mask 305. However, the present invention is not so limited. Ih one 
alternative embodiment, the .patterned horizontal dimension Dp and/br a longitudinal length 
(not shown) may be reduced to minimal dunensions to form periodic or aperiodic patterns 
: Ihnited only by the capability and resolution of the patterned photoresist mask 305. For " 
example, the horizontal dimension Dp may be approximately equal to 350 angstroms- of, 
alternatively, the horizontal dimension Dp may be divided multifold The resolution of the 
pattaned photoresist mask 305, which is '^qiroxmiately Jimited' by the bhosen nnprinting 
technique, such as ultra-violet, e-beam, nano-imprint lithographic techniques, and the like,^ ' 
may be reduced relative to.the resolution of a photoresist mask (not shown) used when etching' -> . 
the wavpguiding layer .210 because the vertical , dunension Tp is smaHer than the vertical ' - 
dimension Tw of the waveguiding layer 210, because only a very Hun layer needs to be etdhed. 

The strip waveguide layer 300 may be etched using the pattemed photoresist mask 305 
to form a stiqj waveguide 215, as shown in Figure 3B. In one embodiment, a reactive ion 

etching techniques may be used to etch dis strip v/aveguide layer 300. Howcvvsr, in alternative 
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or contax^t printing techniques that can provide limiting precision appropriate to the needs of 
the device designs. 

Allhongh not necessary for the practice of the present invention, the active element 225 
may be formed above the strip waveguide 215, as sho\vn in Figure 3C. In one embodiment, 
fh^ active elraient 225 may be formed by applying a wetting matmal (not shown) to a i>ortion 
of the strip waveguide 215 to define a wettable.pad (not shown). For example, polymethyl 
di^oxane may be applied to the portion of the staap waveguide 215. The active element 225 is . 
then formed above the defined wettable pad (not shown). In alternative ^nbodiments, other - 
soft lithography processescmay be used to form the active element 225. ' 

The dimensions of the active element 225 formed by the aforementioned, sofl 
lithpgr^hy .processes may be determined using visco-elastic properties or a dielectric loss 
tangent of the materials used to form the active element 225, as weU as the properties of the"^ 
- wetting' material^^ Consequently, the active element 225 may be used to |>erfoim an adaptive 
^ mode transformation of the selected electromagnetiG mode. In one embodiment, the profile of 
Ihe selected electromagnetic mode may. be varied using the properties of the active element 
225. For example, the profile of the selected electromagnetic mode may be changed firom an 
ellipse to a circle, hi other embodiments, the ^spatial extent and plane of propagation the 
selected electromagnetic mode may be adjusted using the properties of the active element 225. 

As discussed above, one or more electrodes 230 may also be formed proximate to the 
electro-optically active waveguiding element 225. Moreover, in one altemative embodiment, 
an upper claddiag layer 310 (indicated by dashed lines) may be formed above the electrodes 
230, the active element 225 the strip waveguide 215, and portions of the wavegmding layer 
210. The upper cladding layer 310 may be formed of materials including siUcones, silicon 
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containing polymers, one or more organic polymers, and the like. Alternatively, silicate 
glasses and the like may be used to form the upper cladding layer 310. For example, silicate 
glasses and other similar may be used to form the upper cladding layer 310 in embodiments 
wherein there is an adherence to the device function substantially realized in materials other 
tiian polymers. 

In one embodiment, the process flow described above witii reference to Figures 3A, 
3B, and 3C, may be a low temperature process. For example, the aJforementioned process may 
be carried out at tempaatures that are below about 473°K. In contrast, process flows for 
forming conventional waveguides may be carried out at tenqjeiiatees that Me in Excess bf 
about lOOO'K. Consequently, the process flow described above wi& reference to Figures 3A, 
3B, and 3C may be advantageously used to integrate the fimctionaKty of the strip-loaded 
• waveguide 200 directly upon an active deep CMOS chip 320. 

Figure. 4 . .conceptually illustrates one alternatives-embodiment of the strip-loaded 
'^veguide 200. In tiie alternative ^bodiment of the strip loaded waveguide 200 shown in " 
Figure 4, the waveguidmg laya: 210 has been pattaned to form a waveguiding element 400 
having a vertical dimension that is smaller than vertical dimension of the substrate 205. As 
discussed above, a selected electromagnetic mode propagates substantially in the region 410 of 
flie waveguiding elanent 400. The boundaries of the region 410 are £q>pioximately 
deiermined by a horiaontal dimension of the strip waveguide 215 above th£ waveouide 
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Figure 5 conceptually illustrates a system 500 for optical raode transformation that uses 
the strip-loaded waveguide 200. A light source 505 provides light 510 to the strip-loaded 
waveguide 200. In one embodimCTt, the ligjit source 505 is a laser. The light 510 may be a 
selected electromagnetic mode, such as an electromagnetic mode that is polarized along one or 
more of the axes 515. For example, the selected electromagnetic mode may be a transverse 
electdc mode. Hie light 510 may alsorhave a selected profile that may be detemiined; at least 
in part, by the light source 505. For 'example, 4fae light 510 may have an appro:?dmateIy 
circular projBle 520. However, in alternative embodiments^ the light 510 may have any 
desirable profde incliiding, bixt not liinited to, elliptical: . w 

3n the illustrated embodiment; the strip-loaded waveguide 200 performs an optical 
mode transformation of the selected electromagnetic mode of the light 5101 The transmitted 
Ugjit 525 has a transformed electromagnetic mode that has an approximately elliptical optical 
profile 53Q and is polarized approximately along tibc^ans '535.::However, this jpartioalar optic^ 
mode transformation is not material to the present invention and ^ persons of ordiriary skill in 
the art will appreciate that the strip loaded waveguide 200 may perform the optical mode 
transformation* of the selected electromagnetic mode into any desirable transformed 
electromagnetic mode. In various altemative embodiments, the optical mode transformation 
may change the profile of the selected electromsignetic mode, the polarization of the selected 
electromagnetic mode, any combination of the profile and the polarization, or any other 
desirable property of the selected electromagnetic mode. 

The light 525. having the transformed electromagnetic mode may be provided to an 
optical device 540. In one embodiment, the optical device 540 is a portion of an optical fiber. 
However, in altemative embodiments, the optical device 540 may be any desirable optical 
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element including, but not limited to, a waveguide, a ring resonator, a whispering gaUeiy mode 
object, a grating defined cavity, a photonic crystal, and a photonic band-g^ object 

The strip-loaded waveguide 200 may have one or more of several additional 
advantages over conventional waveguides. These advantages may include perfoimance/cost 
attributes such as low optical loss due to reduced optical path length, low dielectric constant 
for high fi^quency appKcations, low voltage (approxunately IV) drive combining with the low 
optical loss to producef^a low "Vpi x loss" figure of merit, broadband^mctionalify, use of loV 
cost manufectwing teehniques, inqiroved rehability (via utiKsation crflow complexity organic 
chiomophores), and array capability for high density, complex device layouts. The ' 
aforementioned advantages may, in one embodiment, be realized withm one design primitive. 

: : As. discussed above, the strip-loaded waveguide 200 may be formed using a low 
temperature process, wMch may aUow the sMpr^loaded waveguide 200 to be used beyond the 
traditional telecommunications application spa6ei M particular., the Strip-loaded ^waveguide' 
200 described abovevmayprove very attractive to the dfevice coihmunity that is curitentiy tismg - 
silicon and siUcon-germanium devices at lOGb/s.- On these platforms it may prove possible to 
integrate the fimctionaUty of the strip-loaded waveguide 200 direcfly upon the active deep 
CMOS chip, as a substrate for the device. Thus, siUcon based CMOS- devices may be used 
with the strip-loaded waveguide 200 to enable low cost and highly functional chip-sets very 
apt for the lOGb/s Ethernet standard and advantageous for deployment in metropolitsn and 
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details of construction or design herein shown, other than as described in the claims below. It 
is therefore evident that the particular embodiments disclosed above may be altered or 
modified and all such variations are considered within the scope and spirit of the mventioiL. 
Accordingly, the protection sougiht herein is as set forth in tiie claims below. 
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CLAIMS 

WHAT IS CLAIMED : 
1 . An apparatus, comprising: 
a substrate; 

a first layer of waveguiding material above the substrate, the first layer having a first 
index of refi^ction, a first horizontal dimension, and a first vertical dimension; 
and 

a second layer of waveguiding ^aaterial adjacent the first layer, the second hiyet having 
a second index of refi[action, a second horizontal dimension, and a . second 
vertical dimension. . - 

2. The apparatus of claim 1, wherein a selected electromagnetic mode propagates in a 
portion of the . first layer approximately defined by at least one of the second horizontal ' 
dimension, the first vertical dimension, the first index of refiraction, and the second index of 
refiactioii. 

3. The apparatus of claim 2, wherein the selected eleclroneiagnetic mode is a selected 
polarization mode. 



4. The apparatus of claim 3, wherein the selected polarization mode is a transverse 
eleciric mode. 



•» 
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6. 



The apparBtas of claim 5, wherein the second vertical dimension is ^^proximately 350 



angstroms. 



7. 



The apparatus of claim 5, wherein the first index of refraction is approximately L5 and 



the second index of refiraction is approximately 2. 



8. 



The apparatus of claim 1, wherein the substrate is a CMOS chip substrate. 



9. . The apparatus of claim 1, further comprising an upper cladding layer above the second 
layer and at least a portion of the first layer. 

10. The apparatus of claim 1, fiuiher comprising an active element above a portion of the 
second layer, the active element having a third index of refraction such that a portion of the 
selected electromagnetic mode propagates in the active element < * ^- 

11. Tlie apparatus of claim 10, wherein the active element coitnprises at least one of an 
electro-opticaUy, active element and a magneto-optically active element. 

12. The apparatus of claim 10, further comprising a plurality of electrodes deployed 
proximate the active element and capable of providing an electric field to the active element. 

13. An apparatus, comprising: 
a substrate; 

a first layer of waveguiding material above tiie substrate, the first layer having a first 
index of refraction; 
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a second layer of waveguiding material above the first layer, the second layer having a 

second index of redaction; and 
an active element above a portion of the second layer, the active element having a third 

index of refiaction selected such that a portion of the selected electromagnetic 
mode propagates in fbs active element 

14. The apparatus of claim 13, v»*erein the selected electromagnetic mode is a selected 
polarization mode. 

15. The apparatus of claim 14, wherein the selected polarization mode is a transverse 
electric mode. 

16. The-^paratusof claim 13, wherein the first laywofv^veguiding material has a first 
horizontal dimension and a first vertical dunension, wherein the second layer of waveguiding 
material has a second horizontal dimension and a second vertical dimension, and wterem thb 
second vertical dimension is smaller than the first vertical dimension and the second horizontal 
dimension is smaller than the first horizontal dimension. 

17. The apparatus of claim 16, wherein the second index of refiraction is larger than the 
first-index of redaction such that a selected electromagnetic mode propagates m a portion of 
the first layer ^proximately defined by the second horizontal dimension and die first verdcal 
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19. The apparatus of claim 13, wherein the third index of refraction is larger than the jBrst 
and second indices of re&action. 

20. The apparatus of claim 13, wherein the active element comprises at least one of an 
electro-optically active element and a magneto-optically active element 

21. The apparatus of claim 13, wherein the third index of refraction is variable within a 
range of indices of re&action in response to an electric field applied to the active element 

22. The apjparatus of claim 13^. further comprising a plurality of electrodes deployed 
proximate the active element and capable of providing an electric field to the active el^tnent. 

23. The apparatus of claim 13, wherein the active element has two ends, each end being 
tapered.. . •> 

24: The apparatus of claim 13, further comprising an integrated circuit communicatively 
coupled to the first layer of waveguiding material. 

25. The apparatus of claim 24, wherein the integrated circuit is communicatively coupled 
to at least one of the plurality of electrodes. 

26. An method, comprising: 

forming a first layer of waveguiding material above a substrate such that the first layer 
has a first index of reflection, a first horizontal dimension, and a first vertical 
. . dimension; and 
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forming a second layer of waveguiding material above the first layer such that the 
second layer has a second index of refi^on, a second horizontal dimension, 
and a second vertical dimension. 

27. The metiiod of claim 26, wherein fonmng the second layer comprises foiming the 
second layer such that a selected electromagnetic mode propagates in a portion of the first 
layer ^proxunately defined by the second horizontal dimension and the firet vertical 
^ dimension. . . 

'■■ 2». The method of claun 27, wherein fomiing the' second layer comprises forming flie 
second layer such that second vertical dimension is smaller than the first vertical dhnension, 
the second horizontal dhnension is smaller than the first horizontal dimension, and the second 
index of refiaction is larger than the first mdex of refiaction. 

29. The method of claim 26, further comprismg formmg an upper claddmg layer above the 
second layer and at least a portion of the first layer. 

30. The method of claun 26, fiirther comprising fomung an active clement above a portion 
of the second layer, the active element having a third mdex of reflection such that a portion of 
the selected electromagnetic mode propagates in the active element. 
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33. A method, coi]:q>Tisiiig: 

fonning a first layer of waveguiding material above a substrate, the first layer having a 
first index of refiaction, a first horizontal dimension, and a first vertical 
dimension; 

forming a second layer of waveguiding material above the first layer, the second layer 
haying a second index of refi-actidn, a second ^horizontal dimension, and a 
second vertical dimension, the second vertical dimension being smaller than the 
first vertical dimension, the second horizontal dnnension being smaller than the 
first horizontal dimension, and the second index of refiactioh being larger than 
the ..fast index of refiaction such that a selected electromagnetic mode 
propagates in a portion of the first layer approximately defined by the second 
horizontal dimension and the first vertical dimension; and •• 
forming an active element above a portion of the second layer, the active element 
having a third index of refi:action such that a portion of the selected 
" ■ electromagnetic mode propagates in flie active element • 

34. The method of claim 33, wherein forming the active element comprises forming the 
active elements having the third index of reflection that is intermediate the first and second 
indices of refiraction. 



35. The method of claim 33, wherein fonning the active element comprises fonning the 
active elements having the third index of reflection that is larger than the first and second 
indices of reflection. 
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36. The method of claim 33, wherein forming the active element comprises forming at 
least one of an electro-optically active element and a magneto-optically active element 



37. The method of claim 33, wherein forming the active element comprises forming the 
active elements having the third index of refraction that is variable within a range of indices of 
refraction in response to an electric field appUed to the active element. 

38. The method of claim 33, further comprising forming, a pluraUty of electrodes 
proximate the active element and enable of providing an electric field to the active element 

39. A system for transforming optical wave modes., cnmpriaigg- 

an optical, wave mode transformer opticaUy coiqjled to a light source, the optical wave 
mode transformer comprising: 

a first layer of waveguidmg material above the substrate, the first layer having a 
first index of refiaction, a first horizontal dimension, and a first vertical 
dimension; and 

a second layer of waveguidmg material above the first layer, the second layer 
having a second index of refraction, a second horizontal dimension, and 
a second vertical dimension; and 
an optical element that is opticaUy coupled to the optical wave mode transformer to 
receive the selected electromagnetic mode. 
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electromagnetic mode provided by tlie light source propagates in a portion of the first lay« 
approximately defined by the second horizontal dimension and the first vertical dimension. 

41. The system of claim 40, wherein the second vertical dimension is smaller &an the first 
vertical dimension, the second horizontal dimension is smaller than the first horizontal 
dimension, and the second index of refiaction is larger than the first index of refiaction. 

42. The,system of claim 41, wherein the optical wave mode transformer further comprises: 
an active element above a portion of the second layer, the active element having a 
third mdex of refiaction such that a portion of the selected electromagnetic ■ 
mode iiiopagates in tiie active element; and 
a plurality of electrodes deployed proximate the electro-optically active element and = 
capable of providing an electric field to the electro-optically active element 

43. Hie system of claim 39, wherein the active el&aaesst comprises at least one of an 
electro-optically active element and a magneto-optically active element 
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ABSTRACT OF TH IT. msn oottpit 
The present invention provides a metbod and apparatus for transfomiing optical 
wave modes. The ^paratus includes a substrate and a first layer of waveguiding 
material above the substrate, the first layer having a first index of refraction, a first 
horizontal dimension, and a first vertical dimension. The apparatus also includes a 
second layer of waveguiding material adjacent the first layer, the second layer having a 
second index of refraction, a second horizontal dimension, and a second vertical 
dimension. 
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